Here we present the cloning of a full-length zebrafish pdgfr-a cDNA as well as the expression of this gene during zebrafish embryogenesis. We show that zebrafish pdgfr-a mRNA is present at high levels in the fertilized egg as well as in all embryonic cells up to the end of gastrulation. Spatially restricted expression of the gene started after the onset of segmentation and is mainly localized in premigratory neural crest cells, the placodes, the anterior paraxial cells of somites and the adaxial cells of the tailbud. Transient expression of this gene was also detected in the early Kupffer's vesicle, a teleost-specific structure. Expression of the zebrafish pdgfr-a is both conserved as well as diverged comparing to that of other vertebrate species. q
Results
Platelet-derived growth factors (PDGFs) and their signaling have been shown to play important roles in vertebrate embryonic development (Betsholtz, 1995; Ataliotis and Mercola, 1997) . PDGFs consist of disulfide-linked dimeric isoforms and exert their cellular effects by binding to two types of receptors: PDGFR-a and PDGFR-b.
In this work, the full-length cDNA of zebrafish pdgfr-a was isolated (GenBank accession #AF200951). The predicted 1059 amino acid protein contains an extracellular domain, a hydrophobic transmembrane domain and two tyrosine kinase domains separated by a kinase insertion domain. The extracellular domain contains ten 'C's in conserved positions, which could form five immunoglobulin-like loops typical of the PDGFR family (data not shown). The amino acid sequence of this gene shows highest homology with PDGFR-as from other species (Table  1and Fig. 1 ). Phylogenetic analysis indicates that this gene is an orthologue of PDGFR-a of other species (Fig. 1) . pdgfr-a is mapped to linkage group (LG) 20 next to the zebrafish kit showing conserved synteny with human PDGFR-a and KIT genes located on chromosome 4 as well as mouse Pdgfr-a and Kit genes on chromosome 5 (Gates et al., 1999) .
High-level pdgfr-a transcripts were detected in all embryonic cells from one cell to the late gastrula embryo ( Fig. 2A-C) . Spatially restricted expression starts with the onset of segmentation. At 2-3 somites stage (10.5-11 hpf), pdgfr-a expression appeared as two bilateral stripes extending along the neural plate margin in the anterior region (Fig. 2D ). These stripes then widened towards the midline, especially anteriorly. By 6-7 somites stage (12 hpf), the entire width of the anterior dorsal axis was covered by pdgfr-a -positive cells (Fig. 2E) . Cross-sections indicate that the pdgfr-a-positive cells are confined to a thin layer of cells dorsal of the neural keel as well as both sides of the neural keel (Fig. 2F) . They most likely represent pre-migratory cephalic NCCs as their distribution is similar to that of fkd6, or snail2 (Odenthal and Nüsslein-Volhard, 1998; Thisse et al., 1995) . The pdgfr-a positive cells are mainly localized between the dlx3 positive olfactory and otic primordia, with some cells that co-localize with dlx3 as well as her4 positive cells in the midbrain/ hindbrain region (Fig. 3A,C) . Expression is also detected in the lateral mesoderm, including the forming somites, a field of unsegmented lateral mesoderm and the posterior (02)00142-9 www.elsevier.com/locate/modo adaxial cells (Fig. 2E) . Expression in the somites was later restricted in the ventral somites that co-localize with twist but not myoD, indicating that pdgfr-a is expressed in the sclerotome (Figs. 2J, M, N and 3E, F) . Another expression domain was the bilateral diffusely stained strips lateral to the neural crest domain, starting from anterior and extended posterior all the way to the tailbud, forming a circle at the periphery of the tailbud (Fig. 2E ). Similar expressions of zebrafish deltaA and her4 genes were observed which were considered to foreshadow primary neurogenesis regions (Haddon et al., 1998; Takke et al., 1999) . pdgfr-a -positive mesenchyme cells in this domain are localized in areas encompassing the dlx3 positive epithelial cells in the posterior end of the embryo as well as posterior of her4-concentrated tailbud midline area ( Fig.  3B,D ; Akimenko et al., 1994) . Transient expression of pdgfr-a was also detected at 3-4 somites stage in the epithelial cell lining of Kupffer's vesicle (Fig. 2H,I ) and a teleost-specific structure was located deep in the tailbud (Kimmel et al., 1995) .
From 16-19 hpf onwards, two bilaterally symmetrical clusters of cells posterior to the optic vesicle at the level of the midbrain start to show intense staining (Fig. 2J-L) . These cells seemed to be the NCCs that contribute to subsets of cranial ganglia of the peripheral nervous system: the trigeminal ganglia, anterior lateral line ganglia and posterior lateral line ganglia (Raible et al., 1992) . The zebrafish colourless and ret1 transcripts showed similar distributions at this stage (Dutton et al., 2001; Marcos-Gutierrez et al., 1997) . In addition, pdgfr-a -positive cells were detected ventral to the neural keel (Fig. 2G) , possibly contributing to the developing ventral head structures including, for example, jaws. The expression in the NCCs was maintained continuously at a high level until the end of the segmentation period (Fig. 2M,N) .
By 20-24 hpf, high-level pdgfr-a transcripts persisted in the olfactory placodes and appeared in the optic cup as well as the lens (Figs. 2L and 4A-D). At deeper levels, two thin rows of pdgfr-a-positive cells extending from the optic cup were observed ( Fig. 4B and C) . These cells most likely represent the cranial mesenchyme and NCCs that contribute to the skull. In the trunk, one group of pdgfra-positive cells formed a line along the body axis on the dorsal-lateral side of the spinal cord (Fig. 2N, arrows) . These cells most likely represent the migrating NCCs on their medial migration pathway between the neural tube and somite (Raible et al., 1992; Eisen and Weston, 1993) . With the onset of the pharyngula period, pdgfr-a expression faded rapidly in all areas and disappeared completely by 72 hpf (data not shown).
The expression pattern of pdgfr-a in zebrafish is both conserved and divergent compared to that of mouse and Xenopus. It is synthesized as a maternal message in all three species. However, the zebrafish gene is expressed in all embryonic cells during gastrulation, differing from its mesoderm-restricted expression in mouse and Xenopus gastrula. pdgfr-a is also similarly expressed in cranial and trunk neural crest cells, in the formation of somites and later on in sclerotome, certain neurons, glia and the lens. However, its expression is only concentrated in the anterior portion of each developing somite in zebrafish while similar polarized somite expression has not been reported in other species (Ataliolis and Mercola, 1997). (39) 65 (83) No homology 67 (82) 34 (49) a Numbers indicate percent identity (similarity). Abbreviations: EX, extracellular domain; TK1, tyrosine kinase domain 1; KI, kinase insert domain; TK2, tyrosine kinase domain 2. 
